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patients. Eighty-one patients responded favorably to treatment (group I). Seventeen patients had complicated courses (group Il) and despite maximal treatment with propranolol either developed infarction (six patients) or continued to have angina necessitating coronary surgery (11 patients). In group I during the pain free period 26 of 81 patients had positive thallium-201 scans, whereas 20 patients had an abnormal ECG at that time; during angina 18 patients had transient SCINTIGRAPHY WITH THALLIUM-201 has proved to be a sensitive method for detecting acute myocardial infarction (AMI).1 However, scintigraphic myocardial defects with thallium-201 may represent either myocardial infarction or ischemia as previously demonstrated in patients with AMI by repeated myocardial imaging.' Other investigators have demonstrated that scintigraphic defects, indistinguishable from those seen in AMI, can be obtained following exercise-induced ischemia2-4 or ischemia resulting from coronary spasm in variant angina.5 '6 It would seem relevant for the application of thallium-201 scintigraphy in the Coronary Care Unit (CCU) to evaluate the results of scintigraphy in patients who have repeated episodes of myocardial ischemia, i.e., patients with unstable angina, since this group constitutes an important portion of CCU admissions.
The purpose of this study was twofold: 1) a description of the pattern of thallium-201 scintigraphy in patients with unstable angina; 2) an evaluation of a potential predictive value of thallium-201 scintigraphy in identifying patients with unstable angina who may have a poorer prognosis or greater tendency to develop AMI subsequently.
Materials and Methods Ninety-eight patients with unstable angina were studied with thallium-201 scintigraphy within 18 hours of the ECG changes. In group II during the pain free period 13 of 17 patients had positive scans, whereas two patients had abnormal ECG at that time; during angina 12 patients showed transient ECG changes. The sensitivity to recognize group 11 was 76% for thallium-201 scintigraphy, 11% for ECG during the pain free period; 70% for ECG during angina; 94% for the combination of either positive scans or abnormal ECG. Thus, 1) positive thallium-201 scans occur in patients with unstable angina, 2) positive scans can be obtained during the pain free period, 3) thallium-201 scans are more frequently positive in patients with complicated course. last anginal attack. Patients with a history or electrocardiographic evidence of previous infarction were excluded from the study because thallium-201 defects in these patients can be due either to the previous infarction or myocardial ischemia. Patients with left bundle branch block or electrocardiographic signs of left ventricular hypertrophy were not included, because these pre-existing ECG abnormalities might obscure ECG characteristics of ischemia.
Unstable angina was defined as a history of typical angina pectoris with increasing frequency and severity of complaints within a short time period (in most patients in this study within 7-10 days), frequently with progression to anginal attacks at rest and during the night. In 84 patients this clinical syndrome occurred without previous angina, while in 14 patients previously stable angina had been present. The observation period in the CCU did not exceed five days. The results in this study also include a subsequent follow-up in the medical ward of approximately 2½/2 weeks. Electrocardiograms were obtained at least twice daily, and especially during an attack of angina pectoris, during the first 2-4 days after admission. Cardiac enzymes (CPK, SGOT, SGPT, and LDH) were obtained at the time of admission and subsequently each six hours until 24 hours after admission, unless the patient continued to have new attacks of angina. The electrocardiographic and enzymatic diagnosis of infarction was made according to the criteria of the New York Heart Association.7
All patients were treated with bedrest, sedation, nitrates and propranolol following admission to the CCU. The dose of propranolol was increased as needed for control and prevention of attacks of angina, unless the heart rate dropped below 50 beats/min. The maximal dose given was 240 mg/day. Patients were considered to be refractory to medical treatment when they continued to have resting angina for more than two days after admission despite maximal medical treatment. Cardiac catheterization was only performed in those patients who did not respond to medical treatment. Selective coronary arteriography was performed by Judkins technique. Coronary artery lesions of greater than 75% narrowing were considered significant. Scintigraphy was performed after i.v. injection of 1.7-2.7 mCi thallium-201 as soon as possible after admission of the patient, but always during a pain free period. Analog unprocessed images were obtained with an Ohio Nuclear ON-100 scintillation camera, using a low-energy high-resolution parallel-hole collimator. The energy window (20%) of the scintillation camera was set symmetrically over 75 keV. The scintiscans were obtained in three different views (anterior, 450 left anterior oblique, 900 left lateral). For each view 300 k counts were accumulated. The scintiscans were read by two observers, without knowledge of the clinical data as part of the daily routine. The scintiscans were graded as positive (defect), questionable (areas of diminished activity, but no real defect) or normal. The reading of the scintiscans in this study represents the result of a consensus between the two observers. Questionable scintiscans were considered negative because in this group considerable interobserver variability occurred. The size of the defects was classified by observer's estimation as small (< 25% of visualized left ventricle), medium (25-40%) or large (> 40%) and a score of 1, 2, or 3, respectively was given. In addition, to appreciate the difference between defects with residual activity and those with virtually no residual activity as compared to background activity, a score of 1 or 2, respectively, was given. Thus, a maximum score of 5 was given for a large defect with no residual activity and a minimum score of 2 for a small defect with residual activity.
Chi square test was used to test the significance of differences in rates of occurrence.
The sensitivity of a method was defined as:
The specificity of a method was defined as:
True Negatives (TN) TN + False Positives (FP)
The predictive accuracy of a positive test was defined as:
Results
Thallium-201 Scintigraphy All 98 patients were studied with thallium-201 scintigraphy during the pain free period. Thirty-nine patients had positive scintiscans, 27 had questionable scintiscans and 32 had normal scintiscans. Of the 39 patients with positive scans the defect was estimated as small in 19 patients, medium in eight patients and large in 12 patients. In 20 of the 39 patients no residual activity was present; in 19 patients residual activity was present. The score for the size of defect was 2 in 10 patients, 3 in 14 patients, 4 in six patients and 5 in nine patients. The relationship between the results of thallium-201 scintigraphy and the time of scintigraphy after the last anginal attack is shown in figure 1 . Fifty-six of 98 patients were studied within six hours, 17 patients between 6½/-12 hours and 25 patients between 121/2-18 hours after the last anginal attack. Twenty-eight of 56 patients studied within six hours after the last anginal attack had positive scintiscans, compared to 11 of 42 patients studied between 6½/2-18 hours (P < 0.05). Examples of transient perfusion defects in patients with unstable angina are shown in figure 2 by repeated imaging and in figure 3 by serial imaging. Nine patients with positive scans who responded favorably to medical treatment were studied 3-6 months later. In all patients the follow-up scintiscans showed a normal scintigraphic image of the left ventricle.
Electrocardiogram
During a pain free period 76 patients had a normal baseline ECG (table 1) . Twenty-two showed baseline ECG abnormalities, of which 15 demonstrated deep negative T waves and 7 ST-segment depression . 1 mm. In these 22 patients no further ECG changes were observed during chest pain.
During anginal attacks (table 2) the ECG remained normal in 46 patients, but changed transiently in 30 patients (ST-segment depression . 1 mm in 12 patients; ST-segment elevation . 2 mm in 18 patients). Thus, ischemic STsegment changes were present on the ECG at any time during the study period in 52 patients (53%).
Relation between Thallium-201 Scintigraphy and Electrocardiogram
The results of thallium-201 scintigraphy and the presence or absence of ECG abnormalities during angina and during the pain free period are shown in table 1. Of the 39 patients with positive scintiscans 13 patients (33%) showed ECG abnormalities at the time of scintigraphy; during an attack of chest pain 19 additional patients showed transient ECG abnormalities. Thus a total of 32 (82%) patients with positive scintiscans showed an abnormal ECG either during pain or No. in a pain free period. Of the 32 patients with normal scintiscans one patient, studied at 81/2 hours, showed abnormal T waves on ECG, while two patients, studied at 6 hours and 14 hours, showed transient ST-segment shifts. Table 2 shows the relationship between the results of thallium-201 scintigraphy and the specific ECG changes at any time during the study period. ST-segment elevations were all transient and occurred in 18 patients, 13 (72%) of whom had positive scintiscans. In seven of 19 patients with ST-segment depression these changes were also present during the pain free period. Eleven (58%) of these patients had positive scans. Deep T waves developed during the observation period in 15, eight (52%) of whom had positive scans. Clinical Course None of the patients had enzyme level rises at the time of scintigraphy or during the following six hours. Eighty-one patients responded favorably to medical treatment and their angina became stable (New York Heart Association functional class 2 and 3). Following admission 17 patients had a complicated course. Six patients had a new attack of chest pain within 48 hours (mean 22 hours) after scintigraphy and sustained an acute transmural myocardial infarction, documented by typical cardiac enzyme elevations and the development of electrocardiographic Q waves of 0.04 second duration. Their subsequent course was uneventful. Eleven patients continued to experience chest pain despite maximal medical management with propranolol and long acting nitrates. They underwent coronary arteriography and subsequently all underwent coronary bypass surgery. There was no perioperative mortality. One patient had perioperative infarction as documented by the appearance of abnormal Q waves and abnormal rise of CPK-MB level.
Coronary Arteriography
The 11 patients who did not respond to medical treatment underwent coronary angiography on the third or fourth day after admission. All patientshad significant coronary artery disease. Left main coronary artery disease was present in one patient. Three vessel disease was present in three patients, two vessel disease in two patients and one vessel disease in five patients. The left anterior descending artery was diseased in all patients except one patient with single right coronary artery disease.
Comparison of Value of Thallium-201 Scintigraphy with Electrocardiogram
Of the 17 patients who had a complicated course (those who developed AMI and those who were refractory to medical treatment), 13 patients had positive scintiscans, whereas two patients had an abnormal ECG during the pain free period. However, during an anginal attack 12 of the remaining 15 patients showed transient ECG changes. The relationship between the scintigraphic results and the specific ECG changes is shown in table 3.
Of the 81 patients with uncomplicated course, 26 patients had positive scintiscans; 20 of 81 patients had an abnormal ECG during the pain free period. In addition 18 patients showed transient ECG changes during angina.
In table 4 the sensitivity, specificity and predictive accuracy in identifying patients with complicated course is shown for thallium-201 scintigraphy, electrocardiogram and the combination of the two.
The sensitivity for an abnormal baseline ECG was 1I%, for transient ECG abnormalities during angina 70%, for positive scintiscans during the pain free period 76%, for the combination of baseline and transient ECG abnormalities 82%, for the combination of positive scintiscans and/or transient ECG changes 88% and for the combination of positive scans with any ECG abnormality at any time 94%.
The predictive value of transient ECG changes was 40% and of positive scintiscans 33%, while the other tests had somewhat lower values.
The score for estimated size of defect in patients with complicated course was 4 or 5 in eight patients and 2 or 3 in five patients; compared to seven patients with score 4 or 5 and 19 patients with score 2 or 3 in the group of patients with uncomplicated course (P < 0.05).
Discussion
The present study shows that abnormal thallium-201 scintiscans at rest do not necessarily imply myocardial infarction. Our findings seem to indicate that in patients with unstable angina, the results of myocardial ischemia, as assessed by thallium-201 uptake, persist much longer than can be judged from clinical status and electrocardiographic observation during the anginal episode. Serial imaging after a single dose suggests delay in uptake of the radiopharmaceutical by redistribution in the ischemic area. Whether impaired cellular membrane function or collateral flow is responsible for this phenomenon is speculative. These findings are supplementary to the results of Donsky et al. 8 and Abdulla et al.9 who found accumulation of SSmTc pyrophosphate in patients with unstable angina. Prolonged periods of ischemia may actually produce small areas of myocardial damage which are undetected by cardiac enzyme elevations but which accumulate '9mTc pyrophosphate.
In this study all patients were studied purposely during the pain free period. It seemed conceivable to us that injecting the radiopharmaceutical during an anginal attack would result in a high percentage of scintigraphic defects and probably diminish a potential discriminative value of the method. Moreover, in clinical practice a considerable number of patients arrive at the CCU some time after the last anginal attack.
Thirty-nine percent of the patients with unstable angina showed a defect on the thallium-201 scintiscans. Seventy-six percent of the patients with complicated course (those who were refractory to medical treatment and those who developed AMI) had positive scintiscans, compared to 32% in the group of patients with uncomplicated course. When the size of the scintigraphic abnormalities were expressed in a semiquantitative way, the patients with a complicated course tended more frequently to have large defects than the remaining patients. The development of better and objective methods to quantitate thallium-201 scintiscans is needed to confirm this subjective impression in this study. When studying patients with unstable angina, the sensitivity of a test is more important than the specificity, because false negative results are less desirable than false positive results. The sensitivity of positive thallium-201 scintiscans during the pain free period to identify patients with complicated course was slightly higher (76%) than that of registered transient ECG changes during angina, whereas the sensitivity of ECG abnormalities at the time of scintigraphy was only 11%. When positive scintigraphic results were combined with ECG changes, at any time, a maximal sensitivity of 94% was obtained. For all tests the predictive value was relatively low, not exceeding 40%.
The differentiation between ischemia and acute infarction remains of utmost importance for the application of thallium-201 scintigraphy in the CCU. Serial imaging after one single dose of thallium-201, as suggested by Pohost et al.,"0 might be of value to differentiate between the two by showing "filling in" of the defect. However in patients with previous infarction it will be difficult to appreciate an eventual decrease in size of a defect without the availability of a previous study.
The importance of a short time lapse between imaging with thallium-201 and the time of angina is obvious from the present data as it was in our previous study in patients with AMI.' With increasing time interval the sensitivity of the method decreases.
For the practical management of patients with unstable angina thallium-201 scintigraphy should preferably be done within six hours after the anginal attack. Positive scintiscans give additional objective information that acute coronary in-sufficiency is present. This information is as valuable as transient ECG changes but is obtainable more readily and over a longer time period. The relative low predictive value of positive scintiscans (33%) does not permit selection of patients who are candidates for coronary bypass surgery. However, it permits recognition of the subgroup in which one-third of the patients are at risk for a complicated course. Further studies are needed to evaluate how noninvasive radionuclide techniques may be able to determine prognostic factors in this subgroup.
